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The color dipole gBFKL phenomenology of a diffraction cone for photo- and elec- 
troproduction 7*iV — > VN of heavy vector mesons (charmonium & bottonium) at 
HERA and in fixed target experiments is presented. A substantial shrinkage of 
the diffraction cone from the CERN/FNAL to the HERA range of c.m.s. energy 
W is predicted. The Q 2 -controlled selectivity to the color dipole size (scanning 
phenomenon) is shown to lead to a decrease of the diffraction slope with Q 2 (which 
is supported by the available experimental data). An approximate flavor indepen- 
dence of the diffraction slope in the scaling variable Q 2 + m?, is shown to hold. 



1 Introduction 

I report on the color dipole description of the forward diffraction slope B(j* — > 
V) in exclusive diffractive DIS □. We use our early results for the energy 
dependence of the forward cone in color dipole scatteringH, obtained from the 
solution of the running gBFKL equation for the diffraction slopeH. The crucial 
point is that breaking of the scale invariance by asymptotic freedom (running 
as(r)) and finite propagation radius R c for perturbative gluons, alters the 
BFKL pomeron from a fixed cut in the scaling approximation Lag = const) 
to a series of moving poles for the running gBFKL pomeron an (for early 
quasiclassical analysis see also El). The two major points about .6(7* — > V) 
which we focus here are: i) a prediction of a substantial Regge shrinkage of 
the diffraction slope for the running gBFKL; ii) a decrease of the slope with 
Q 2 and/or mass of the vector meson because of a shrinkage of the photon 
quantified by the scanning radius lI r$ ~ Aj yj rriy + Q 2 . 
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2 Color dipole factorization for the diffraction cone 

To the leading log(l/a; e //) approximation the amplitude for real (virtual) pho- 
toproduction of vector mesons with the momentum transfer q can be cast in 
the color dipole factorized form 

1 

M( 7 * ^V;£,Q 2 ,q)= fdzf d 2 r^ v (r,z)A(x eff ,r,z,q)^ T (r,z), (1) 



where \I> 7 . (r, z) and ^>y(r, z) are the probability amplitudes to find the color 
dipole r in the photon and vector meson, respectively, and A(x e ff, r, z, q) is 
the imaginary part of the amplitude for the color dipole elastic scattering on 
the target nucleon, A(x e ff, r, z, 0) = a(x e ff 7 r), where x e ff = (Q 2 + my) /W 2 , 
£ = log(l/x e// ). 

We define the diffraction slope by B = — d\og{da / dq 2 ) / dq 2 \ q=Q . The 
representation for A(x e f f,r,q) in terms of the gluon density matrix is 

4tt { d 2 k 1 
A(x eff ,r,q) = — I — as (K 2 )[J (-qr) - J {kr)}F{x,k,q) , (2) 

where Jo(y) is the Bessel function. The gluon density matrix T{x,k,q) is 
proportional to the imaginary part of the non-forward gluon-nucleon scattering 
amplitude 

F(x eff ,q,k) = ^Jd 2 k 1 T(x eff ,k,q,k 1 )a s (k 2 )V p {k 1 ,q), (3) 

where the proton vertex function V p is represented in terms of the singlc- 
and two-quark form factors of the proton V p (ki,q) — G\(q 2 ) — G2{k\,q) and 
T(x, k, q, k\) stands for the propagation function of two i-channel gluons. Split- 
ting the color dipole vertex function Vd(q,r) = [Jo{\qr) — Jo(kr)] into two 
pieces, we obtain a useful decomposition 

4-7T 1 f d 2 k 

A(x eff ,r,q) = —[J (-qr)-l} J a s {n 2 )T(x, k, q) 

1 fi r d 2 k r 

+ ¥ J -fcF«s(^ 2 )[l- Jo(fcr)] J d 2 k 1 T(x,k,q 1 k 1 )a s (k 2 )V p (k 1 ,q) , (4) 

which illustrates how the three relevant size parameters in the problem give 
rise to the three major components of the diffraction slope. The q dependence 
coming from the proton vertex function V p (ki,q) is controlled by the proton 
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Figure 1: left box - The color dipole model predictions for the c.m.s. energy dependence of 
the diffraction slope for real photoproduction of the J/* and T and for the J/\P electropro- 
duction at Q 2 = 100 GeV 2 ; right box - Comparison of the color dipole model prediction for 
c.m.s. energy W dependence of the diffraction slope for photoproduction of the J/ty with 
the data. 



size Rn- The color dipole vertex function Vd — Ja{\qr) — 1 gives a geometric 
contribution ABd(r) — r 2 /8. The BFKL diffusion of gluons in the impact 
parameter plane gives rise to the asymptotic Regge growth of the diffraction 
slope □ such that for all k, k\ one has dT /dq 2 \ q 2 =Q = — [ajp£ + 0{R 2 c )]T. 
Besides, the BFKL diffusion results in azimuthal decorrelation of k, k\. This 
property of the BFKL kernel ensures the additivity of the beam, target and 
exchange contributions to B — ABd(r) + ABn + ABn egge . 

For large dipoles, r > i? c , one recovers a sort of additive quark model 

r) = ir 2 + ±R% + 2a'^ + 0(R 2 C ) , (5) 
For small dipoles, r < R c , the vertex contribution is of the form (A a ~ 10) 

Rl G(x eff ,A a /Rl) 

ASrf(r) "T^AF) (6) 

which vanishes at small r only because of scaling violation in the gluon density 
G(x e ff, A a /r 2 ), much slower than the geometrical term r 2 /8. At moderately 
small x values, the ratio of gluon densities has a substantial X e ff dependence 
and ABd affects substantially the energy dependence of B. 

3 Predictions vs. data 

Because of the scanning property, 

M(j* -> V; e, Q 2 ,q) cx A(x eff ,r s , z ~ 1/2, q) , 
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Figure 2: - The color dipole model predictions for the diffraction slope in production of 
different vector mesons as a function of the scaling variable rriy + Q 2 (left box) and the 
scanning radius rg (right box) at fixed c.m.s. energy W = 100 GeV. The scales of Q 2 on the 
top of the right box show the values of Q 2 which correspond to the scanning radii shown on 
the bottom axis. 

The contribution to the diffraction slope from the term ABd(rs) decreases 
with the decreasing scanning radius rg, i.e., with rising Q 2 a. At fixed energy 
W the value of x e f / rises and the rapidity £ decreases which also diminishes 
the diffraction slope because the Regge term becomes smaller. 

The predicted energy dependence of the diffraction slope for real photo- 
production of the J /if? and T is presented in Fig. 1. The diffraction slope 
grows by ~ 1.5GeV~ 2 when W grows by one order in magnitude from the 
fixed target up to the HERA energy. This corresponds to the effective shrink- 
age rate odf/ ~ 0.15 GeV -2 . The diffraction slope for the J/^> production 
at Q 2 — 100 GeV 2 nearly coincides with that for real photoproduction of T 
because the scanning radii rs for the two reactions are very close to each other. 
The experimental situation in the.-hfiayy quarkonium sectorJs_siiminarized in 
Fig. 3. At the both fixed target 100 and HERA energy 0000 the error 
bars are too big for the definitive conclusions on the presence and/or lack of 
the shrinkage of the diffraction cone to be drawn. The admixture of inelastic 
events makes it difficult to compare different experiments. The slope for J/ty 
as measured at HERA is too small, even smaller than the proton electromag- 
netic size contribution to B, ABjy = \R 2 N — 5.8GeV~ 2 . The resolution of the 
paradox requires a better understanding of the role of secondary reggeons. The 
flavor symmetry properties of the diffraction cone can be seen also in Fig. 2. 
The curves for B(j* — > V) of all the vector mesons do converge together as a 
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function of Q + m v . In Fig. 2 b the same results are presented as a function 
of the scanning radius r$ with A = 6. We suggest useful empirical param- 
eterizations for the diffraction slope. For production of heavy quarkonia the 
Q 2 dependence of the diffraction slope at W = 100 GeV and in the considered 
range of Q 2 < 500 GeV 2 can be approximated by 

B(Y -> V) „ ft - ft log ( Q 2+ m v ) ( 7 ) 

with the slope fix ~ 1.1 GeV~ 2 and the constant (3q « 5.8 GeV -2 . The constant 
/3q is subject to the choice of the t range (\t\ ~ 0.1 GeV 2 ), it is the value of 
the parameter f3\ which is closely related to the gBFKL dynamics. For virtual 
production of J/* the HI U reported: B = 3.8 ± l.2(st)±f° 6 (syst) GeV -2 at 
< Q 2 >= 18 GeV 2 , W = 90 GeV. The ZEUS collaboration ET presented the 
value B = A.5±0.8(st)±1.0(syst)GeV- 2 at Q 2 =6 GeV 2 . Predicted decrease 
of the diffraction slope from Q 2 = to Q 2 = 18 GeV 2 by mere ~ 0.5GeV~ 2 , 
is too small an effect to be seen at the present experimental accuracy. 
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